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But 

“Scientists confirm their model while
fi di l ”finding some new puzzles.”

doesn’t make nearly as lively copy.

WWell … ll  not t quitite.



Observations, Hypothesis Development, 
Prediction, New Observations allowing 
Hypothesis Testing, Modification of Hypotheses 
……



•

• y

Vast distances and long fligg ght times dictate a 
careful application of the scientific method.
Experiments have to be selected p years before 
launch based on best available scientific 
information - but designed to be flexible 
enough to be reprogrammed at the target, 
incorporating new discoveries and theoretical 
addvances.



•

•

Giant Planet atmospheric composition p p
Nature and history of Giant Planet 
SatellitesSatellites.  

These questions have been major scientific 
goals of outer solar system exploration andgoals of outer solar system exploration and
are both tied closely to our evolving 
understanding of the solar nebula and understanding of the solar nebula and planetary planetary 
formation processes.



•

•

•

caca 1970 1970 – less than 10 less than 10 yrsyrs after Mariner 2 after Mariner 2 
launch
Grand TG d Tour  ddevellope  d d – alilignment ot f f JSUN JSUN 
made reconnaissance of outer solar system 
in i  a  reasonablbly ti time f feasiiblb el
GT descoped to Pioneer 10/11 to flyby 
Jupiter with Voyager 1/2 to flyby Jupiter 
and Saturn with an option for Uranus and 
Neptune 



•

•

 

•

First widely used First widely used quantitative solar nebular quantitative solar nebular 
models developed by Al Cameron (several 
per year?!)per year?!)
Giant planet formation models – massive 
gravitity s hhoulld d resu ilt ilt n  accretition  of f sollar  
nebular gas with no fractionation: “a 
priistitine samp lle o thf th e f ori iigi nal mattl eriia fl from l 
which the Sun and planets were made.”
H/He in Jupiter becomes “the Holy Grail”



•

•

Basic parameters Basic parameters poorly known: masspoorly known: mass,  
radius, albedo, composition, ephemerides
GGenerall vi iew  ththat t ththe  regullar  sattellitllites  
should be “cratered ice balls”  with some 
beib ing more rock   k rici h.h 
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•

•

T. V. Johnson, PhD Dissertation, 1970

Voyager originally planned on the 
basis of an encounter with one (1) 
‘i‘icy’ and ’ d one  (1) ‘‘(1) rockky’ ’ satellillite.

Voyager imaging team had two (2) 
planetary geologists planetary geologists – presumably presumably 
one first author per satellite target.
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



Cameron nebular models applied to Cameron nebular models applied to satellite satellite 
compositions – John Lewis, 1971
=> Icy satellites should have ~50y /50 ice/rock 

mass ratios and can be geologically active
Occultation of star by Ganyy ymede 1972
 Determined radius accurately
Pioneer determined mass of Ganyymede
 Density matched Lewis’ model 
Sodium cloud discovered around Io
Water ice identified on Ganymede and Callisto



“Water Line” of the 
Solar System



.



Pilcher, Ridgeway and , g y
McCord, 1972

.
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





Instruments selected in 1972 Instruments selected in 1972 – no changeno change
Multiple satellite flyby opportunities included 
in mission pplan
More satellite scientists included in teams



1979



19791979 - VVoyageroyager



19791979 - VVoyager



19791979 - VVoyager



19791979 - VVoyageroyager 11











1976 – over a year before Voyagy y er launches! g
Science Working Group headed by James Van 
Allen recommended a combined Orbiter and 
Probe mission to Jupiter to address post Voyager Probe mission to Jupiter to address post Voyager 
science goals in COMPLEX reports.
Key elements of science:

H/He – Pioneer and Voyager unable to provide required 
accuracies, other key atmospheric components poorly 
defined. => atmospheric Probe (major goal of 2 Probe 
measurements)t )
Increased emphasis on satellites and interaction with 
magnetosphere => satellite surface composition 
experiments ani t d  sop d histihi catt ei d t  d space p hysih cs i  packagek
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





p y





FY ‘77 – JOI AO and expJ periment selection
1979 – Voyager 1/2 flybys of Jupiter ‘surprises’

Active volcanism on Io (volcanism NOT a surprise 
((Pealle et all, 1979)1979), surprise was thhat tiddall hheating off 
satellites had been hiding in plain sight for so long)
Magnitude of tidal heating still not completely g g
explained
Europa’s youthful surface – combined with 
possibility of tidal heat possibility of tidal heat => liquid ocean models> liquid ocean models

Modified mission plan to increase number of 
satellite encounters from 3 to 12, and include 
Europa in spite of increased radiation.



THE SURFACE OF TITANTHE SURFACE OF TITAN LOTS OF CRATERS ON 
ENCELADUSENCELADUS













Planning for Cassini began jointly with ESA    ~ 
19841984, 3 years after Voyager  3 years after Voyager Saturn encounter Saturn encounter and 5 and 5 
years before Galileo launch.
Original study missions were for “Super Galileo’s” 
with an Orbiter and both Saturn and Titan Probes
Descope - Titan Probe (Huygens) chosen based on 
Voyager results and technical difficulty Voyager results and technical difficulty of deep of deep 
(>100 bar) probe at Saturn.
Titan and Enceladus went to top of satellite 
priority llist 
Radar, IR spectrometer and Imaging system 
optimized to optimized to “see throughsee through” Titan Titan’s cloudss clouds.
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 p p





Emphasis shifts from H/He and ‘pure’ samp / ple 
of the original solar nebula to “how did 
depletions and enrichments occur?” – major 
Juno mission goalJuno mission goal.
Delivery of noble gases especially important –
implies trapping in ices at much lower implies trapping in ices at much lower 
temperatures than thought to exist when 
Jupiter formed
Currently driving new probe concepts for 
Saturn – recommended in current Decadal 
Survey as important New Frontiers Survey as important New Frontiers targettarget.
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Ganymede: A Moon with 
Magnetism



.



Tvashtar Catena

.



Magma Generation, km3/yr

EarthEarthEarthEarth

> 420

Io

3030



Europa









GalileoGalileoGalileoGalileo’’ss magnetometer experiment  magnetometer experiment s magnetometer experiment s magnetometer experiment 
(M. (M. KivelsonKivelson, PI) finds evidence that , PI) finds evidence that 
the icy moons the icy moons the icy moons the icy moons –– EuropaEuropaEuropaEuropa,, Ganymede Ganymede Ganymede Ganymede,,    
and Callistoand Callisto -- act like global scale act like global scale 
electrically conducting sphereselectrically conducting sphereselectrically conducting sphereselectrically conducting spheres
Required conductivity >> ice, rock, Required conductivity >> ice, rock, 
ionospheresionospheresionospheresionospheres,, etc etc etc etc
Salty seawater is ~ rightSalty seawater is ~ right



.
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Enceladus Plume Enceladus Plume 
27 Nov27 Nov. 2005. 2005



Tiger Stripes are warm along their entire length!

TTemperattures as hihighh as 170170 KK +

Spencer et al., 2008



.



Avg Earth
Enceladus
S th P l T iAvg Earth

87 mW/m2
South Polar Terrain
250 mW/m2

Tiger Stripes
13,000 mW/m2

Yellowstone
2500 mW/m2
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Well … Yes, ActuallyWell … Yes, Actually



TToo b beeT  bT  b     concontitittiinuenue   d d dd …..…..



Pioneer 10, 11
Launch 1971, 1972

Voyager 1, 2
Launch 1977

Galileo
Launch 1989

Cassini
Launch 1997
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New Horizons
Pluto/Kuiper Belt

Launch 2006

Juno
Launch 2011






